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PRELIMINARY AMENDMENT AND 
37 CF.R, § 1.125 SUBSTITUTE SPECIFICATION STATEMENT 

SIR: 

Please amend the above-identified application before examination, as set 
forth below. 



IN THE SPECIFICATION AND ABSTRACT : 

In accordance with 37 C.F.R. § 1.121(b)(3), a Substitute Specification 
(including the Abstract but without claims) accompanies this response. It is 
respectfully requested that the Substitute Specification (and Abstract) be entered to 
replace the Specification of record. 

IN THE CLAIMS : 

On page 12, delete the first line, and insert: 
- - What Is Claimed Is : - 

Please cancel claims 1-9, without prejudice. 
Please add the following new claims: 

10. (New) A sensor for determining a concentration of gas components in a gas 
mixture, comprising: 

a first measuring electrode having substantially no catalytic effect on 
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an establishment of an equilibrium in the gas mixture when exposed to the gas 
mixture, the first measuring electrode being a cermet electrode having at least one 
metal oxide component, the at least one metal oxide component being capable of 
reversible incorporation of oxygen; 

a second measuring electrode catalyzing an establishment of an 
equilibrium in the gas mixture when exposed to the gas mixture; and 

a solid electrolyte that is conductive for oxygen ions situated between 
the first and second measuring electrodes. . 

1 1 . (New) The sensor according to claim 10, wherein the first measuring electrode 
is substantially composed of mixed oxides with a composition of one of TiNiNbOj^ 
and FeNiMn04. 

12. (New) The sensor according to claim 10, wherein the metal oxide component is 
at least one of Ce02 and Mn203. 

13. (New) The sensor according to claim 10, wherein the first measuring electrode 
is a mixed potential electrode including at least one of gold and silver. 

14. (New) The sensor according to claim 10, further comprising a porous layer, the 
solid electrolyte being integrated into the layer. 

15. (New) The sensor according to claim 14, wherein the layer contains at least 
one of promoters and catalysts at least in some areas. 

16. (New) The sensor according to claim 10, further comprising: 

a reference electrode exposed to a reference gas; and 
at least one layer composed of an oxygen conducting solid electrolyte 
situated between the reference electrode and the measuring electrodes. 

17. (New) The sensor according to claim 10, further comprising a porous layer 
extending between the first and second measuring electrodes, one of the first and 
second measuring electrodes being situated on a side of the sensor facing the gas 

2 



mixture, another of the measuring electrodes being situated between a reference 
electrode and the one of the measuring electrodes facing the gas mixture. 



18. (New) The sensor according to claim 17, wherein the one of the measuring 
electrodes facing the gas mixture is the first measuring electrode. 



This Preliminary Amendment cancels, without prejudice, claims 1-9 in the 
underlying PCT Application No. PCT/DEOO/02124, and adds new claims 10-18. The 
new claims conform the claims to U.S. Patent and Trademark Office rules and do 
not add new matter to the application. 

The amendments to the specification and abstract are to conform the 
specification and abstract to U.S. Patent and Trademark Office rules, and do not 
introduce new matter into the application. 

The underlying PCT Application No. PGT/DEOO/02124 includes an 
International Search Report, dated November 27, 2000, a copy of which is included. 
The Search Report includes a list of documents that were considered by the 
Examiner in the underlying PCT application. 

Applicants assert that the present invention is new, non-obvious, and useful. 
Prompt consideration and allowance of the claims are respectfully requested. 
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Respectfully Submitted, 



KENYON & KENYON 





Richard L. Mayer 
Reg. No. 22,490 



345122 



One Broadway 
New York, NY 10004 
(212) 425-7200 
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SENSOR FOR DETERMINING A CONCENTRATION OF 
GAS COMPONENTS IN GAS MIXTURES 

The present invention relates to a sensor for determining a 
concentration of gas components in gas mixtures having the 
features characterized in Claim 1. 

Background Information 

Sensors for determining the concentration of gas components in 
gas mixtures, in particular in gases from internal combustion 
engines, are known. Such sensors are used to preset a fuel/air 
mixture for operation of the internal combustion engine on the 
basis of a determination of the oxygen concentration and/or 
the concentration of reducing gas components such as HC or CO. 
A specific operating state can be characterized by using the 
ratio of the oxygen concentration to the fuel concentration. 
If there is a stoichiometric excess of fuel (rich range) , the 
amount of oxygen in the exhaust gas will be small in 
comparison with other components, which are partially 
uncombusted. In the lean range, where oxygen from air is 
predominant in the fuel/air mixture, the oxygen concentration 
in the exhaust gas is accordingly high. 

To determine the oxygen concentration in the exhaust gas, 
there are known lambda sensors which detect a lambda value > 1 
in a lean range, a lambda value < 1 in the rich range and a 
lambda value = 1 in a stoichiometric range. In a known manner, 
an electrochemical measuring cell of the sensor supplies ^a 
detection voltage which is sent to a circuit arrangement. The 
detection voltage depends on an oxygen concentration 
difference at the at least two measuring electrodes used. A 
solid electrolyte body which is conductive for oxygen ions is 
arranged between the measuring electrodes. The detection 
voltage increases or decreases according to the oxygen 



concentration in the exhaust gas. 



In addition, there are known sensors which are used to 
determine the concentration of the reducing gas components. 
These sensors are often component specific, i.e., there is a 
separate sensor for each gas component (H2, HC and CO) to be 
detected. 

Both types of sensor supply either a value for the oxygen 
concentration or the concentration of the reducing gas 
components. Thus, they supply values which give only an 
indirect indication of the status of the lambda value. Thus, a 
sensor for determining oxygen concentrations can supply a 
certain absolute oxygen concentration from which it is 
possible to infer the composition of the fuel/air mixture. 

A more precise setting of a control status of an internal 
combustion engine can be achieved by determining the lambda 
value directly. It is advantageous here to have a compact 
sensor capable of handling both sensor functions instead of 
two separate sensors, one for each gas component. Previous 
attempts to accommodate multiple sensor functions on one 
substrate have resulted in a complicated layout or a 
complicated layer structure which has a greater susceptibility 
to faults and entails high manufacturing costs. 

The reducing gas components in the exhaust gas of internal 
combustion engines are in a thermodynamic equilibrium with the 
oxygen. The further away the sensors are arranged from the 
engine in an exhaust duct of the internal combustion engine, 
the lower the temperature of the exhaust gas, and thus it is 
difficult to establish a thermodynamic equilibrium from a 
kinetic standpoint. It is known that the equilibrium reaction 
can be catalyzed with transition metals.. In particular, 
catalysts containing platinum, palladium or rhodium have 



proven suitable. In using these metals as the electrode 
material for the measuring electrodes of sensors, ic has 
proven especially advantageous to have such a catalytic 
activity on a measuring electrode which is exposed to the 
exhaust gas. In this way, the oxygen concentration at this 
measuring electrode can be kept very low, thus yielding a very 
high potential difference with respect to another electrode 
exposed to a reference gas. However, such a measuring 
electrode which catalyzes the establishment of an equilibrium 
in the gas mixture (equilibrium electrode) does not permit 
detection of the concentration of the reducing gas components. 

Therefore, it is known that materials which inhibit a 
catalytic effect of the measuring electrode can be added to 
the measuring electrode exposed to the gas mixture. Thus, 
German Patent 44 08 361 C2 describes a measuring electrode in 
which adsorption of oxygen on a surface of the measuring 
electrode has been made possible by the addition of bismuth, 
platinum, antimony or lead. Thus, the oxygen concentration, 
which determines the potential of the measuring electrode, at 
a ternary boundary of the measuring electrode is kept almost 
constant in operation of the internal combustion engine at 
lambda > 1. The measuring electrode designed in this way 
reacts essentially to oxygen and is thus a non-equilibrium 
electrode or a mixed potential electrode. Such a measuring 
electrode can thus be used as a reference electrode at lambda 
> 1. 

In addition, it is known from German Patent 44 08 504 that 
such a mixed potential electrode can be designed by admixture 
of gold and/or silver. Due to the admixture of gold and/or 
silver, the catalytic conversion is inhibited by oxidation of 
CO and/or HC and reduction of NO^. The high affinity of these 
metals for the reducing gas components is utilized at the 
measuring electrode. The oxygen concentration and thus the 



potential of the mixed potential electrode can be kept almost 
constant due to adsorption of the reducing gas components at 
the surface of the mixed potential electrode in operation of 
the internal combustion engine at lambda < 1. In this way, 
such a measuring electrode can be used as a reference 
electrode at lambda < 1. One disadvantage of these two 
described embodiments of mixed potential electrodes is that 
they permit only constant potentials for two extreme positions 
of the lambda value and thus omit the range at lambda values 
^ 1, which is especially interesting for control of the 
control status of the internal combustion engine. In addition, 
it is impossible in this way to determine the oxygen 
concentration on the one hand or the concentration of reducing 
gas components on the other hand by using one and the same 
measuring electrode . 

Advantages of the Invention 

It is possible to determine either the oxygen concentration or 
the concentration of a reducing gas component with an 
arrangement of just two measuring electrodes by means of the 
features of Claim 1 and by using the sensor according to the 
present invention for determining a concentration of gas 
components in gas mixtures having a first measuring electrode 
(mixed potential electrode) which has little or no catalytic 
effect on the establishment of an equilibrium in the gas 
mixture and a second measuring electrode (equilibrium 
electrode) which catalyzes the establishment of an equilibrium 
in the gas mixture as well as a solid electrolyte that is 
conductive for oxygen ions arranged between the two measuring 
electrodes, with the two measuring electrodes being exposed to 
the gas mixture. Due to the fact that at least the first 
measuring electrode is a cermet electrode, where at least one 
metal oxide component of the cermet electrode is capable of 
reversible incorporation of oxygen, the potential of this 



first measuring electrode is kept almost constant in the range 
around lambda ~ !• Thus, the first measuring electrode is the 
reference electrode in this operating state of the internal 
combustion engine, while the second measuring electrode 
5 functions as the working electrode. If the operating state of 
the internal combustion engine changes to a range with lambda 
> 1, then the potential of the second measuring electrode is 
almost constant, while the potential of the first measuring 
electrode is variable and is determined essentially by the 
10 concentration of the reducing gas components. Thus in this 

case the second measuring electrode is the reference electrode 
and the first measuring electrode is the working electrode. 

;;=^f. Suitable metal oxide components for the first measuring 

""4. 

rglS electrode include, for example, the mixed oxides such as 

TiNiNbO^ or FeNiMnO^. Furthermore, a noble metal such as gold 

□ may also be incorporated into the first measuring electrode. 

'''' It is thus possible to adapt the potential of the first 

Q measuring electrode very accurately to the requirements of a 

'.^20 given application. 

In a preferred embodiment of the present invention, a 
reference electrode additionally exposed to a reference gas is 
pr-ovided for the two measuring electrodes exposed to the gas 

25 mixture. The measuring electrodes may be arranged side by 
side, i.e., both in the same layer of a multilayer sensor. 
However, it is also conceivable for the two measuring 
electrodes to be arranged one after the other in different 
layers, starting from an outer side of the sensor in the 

30 direction of the reference electrode. One layer between the 
two measuring electrodes must be sufficiently porous so that 
it allows a sufficiently rapid establishment of an equilibrium 
in the constantly changing concentrations of the individual 
exhaust gas components. One measuring electrode corresponds to 

35 the mixed potential electrode based on oxygen-storing metal 
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oxide components and the other measuring electrode is designed 
as an equilibrium electrode. 

It has proven advantageous to arrange the mixed potential 
5 electrode closer to the exhaust gas because it has an 

especially stable and constant potential in rapid gas changes 
at lambda values around 1. In addition to an equilibrium 
electrode which naturally has a catalytic activity^r it is also 
conceivable to incorporate additional catalysts or promoters 
10 into the porous intermediate layer, although of course not in 
the immediate vicinity of the mixed potential electrode. In 
this way, it is possible to have a controlled influence on the 
establishment of an equilibrium in the mixture, thus yielding 
'==3 the possibility of using other metal components that are not 

f\il5 catalytically active for the equilibrium electrode. 

L : 3- 

□ With the help of this preferred arrangement with a total of 

'''^ only three electrodes, the oxygen concentration and the 

i,'3 concentration of the reducing gas components can be determined 

;:^;20 simultaneously in certain operating states and thus the status 
'Jl of the lambda value can be determined directly. This permits a 

j'^ much more rapid and accurate establishment of the control 

status of the internal combustion engine. In addition, such a 
sensor can be implemented in an especially simple and 
2 5 inexpensive manner. 

Other preferred embodiments of the present invention are 
derived from the other features characterized in the 
subordinate claims . 

30 

Drawing 

The present invention is illustrated in greater detail below 
in embodiments on the basis of the respective drawings. 

35 
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Figure 1 shows a schematic sectional view through a sensor, 
and 

Figure 2 shows a schematic sectional view through another 
embodiment of a sensor. 

5 

Description of Embodiments 

Figure 1 shows a sensor 10 which can be used for determination 
of the concentration of gas components in gas mixtures^ in 

10 particular the exhaust gases of internal combustion engines. 

Such a sensor 10 is preferably composed of individual ceramic 
layers which may be structured in a known way by screen 
printing, lamination, cutting, sintering or the like. Sensor 
10 contains an electrochemical measuring cell 12 having a 

15 first measuring electrode 14 and a second measuring electrode 
16, with a porous oxygen ion conducting layer 18 extending 
between two measuring electrodes 14, 16. A heating element 22 
is arranged beneath second measuring electrode 16 in a layer 
20 which at least conducts heat well. Heating element 22 

20 includes a resistance element 24, designed as a meandering 
element here, and it functions to establish or control an 
operating temperature of sensor 10. Second measuring electrode 
16 is composed of a noble metal cermet, e.g., based on a noble 
metal such as platinum. This second measuring electrode 16 is 

25 referred to below as equilibrium electrode 16 because of the 
catalytic activity of these noble metals with regard to the 
equilibrium reaction between oxygen and reducing gas 
components of the exhaust gas as explained below. As also to 
be explained below, first measuring electrode 14 has little or 

30 no catalytic activity in certain operating states of the 

internal combustion engine, which can be characterized by a 
lambda value, and it is referred to below as mixed potential 
electrode 14. 

35 During combustion of a fuel/air mixture in the internal 
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combustion engine^ reducing gas components which can react 
with the oxygen and are thus in a thermodynamic equilibrium 
with it are formed in variable amounts. In addition to a 
temperature-dependent equilibrium status of this reaction, the 
kinetics of the reaction is especially important for 
establishing the equilibrium. It may essentially be assumed 
that the temperature of the exhaust gas drops with an increase 
in the distance of sensor 10 from the engine^, and thus it 
becomes more difficult for a thermodynamic equilibrium to be 
established from a kinetic standpoint. Due to the noble metals 
such as platinum, palladium and rhodium used in equilibrium 
electrode 16, establishment of this equilibrium is catalyzed. 
Thus, the potential of equilibrium electrode 16 is determined 
essentially by the oxygen concentration. 

The potential of mixed potential electrode 14, however, does 
not depend on the oxygen concentration, at least in some 
ranges, but instead it is a function of the concentration of 
reducing gas components. It is thus possible to influence the 
potential of mixed potential electrode 14 in a controlled 
manner by selecting at least one metal oxide component capable 
of reversible incorporation of oxygen. Such a mixed potential 
electrode 14 may be made mostly of TiNiNbOj, or FeNiMn04. It is 
also conceivable to use metal oxides such as Mn203 and Ce02. In 
addition, the cermet electrode may also contain as an added 
metal component a noble metal such as gold or silver. In this 
way, the potential of mixed potential electrode 14 can be 
adapted individually to the requirements of given 
applications . 

In an operating mode of internal combustion engine where A ~ 
1, the oxygen concentration directly at a surface of mixed 
potential electrode 14 is kept almost constant due to the 
added metal oxide components, A capacity for incorporation and 
disincorporation of oxygen in a mixed potential electrode 14 



determines a lambda range in which the potential of mixed 
potential electrode 14 is almost constant. However, the 
potential on equilibrium electrode 16 in such an operating 
mode of the internal combustion engine is exposed to great 
5 variations, because there are great variations in oxygen 

concentration precisely in such a lambda range. Thus at A 1, 
mixed potential electrode 14 can be used as a reference 
electrode, while equilibrium electrode 16 can be used as a 
working electrode 16. Then a detection voltage U which is a 
10 direct measure of the oxygen concentration of the gas mixture 
can be picked off via electrochemical measuring cell 12. 

When the operating mode of the internal combustion engine 

changes to a range of A > 1, then the potential of mixed 
v;p.5 potential electrode 14 changes greatly with a change in the 
;'L^ concentration of the reducing gas components. However, the 

^'3 potential of equilibrium electrode 16 is almost constant at 

l'' high oxygen concentrations. Thus in this case, equilibrium 

O electrode 16 functions as the reference electrode and mixed 

;I-|20 potential electrode 14 functions as the working electrode. 
'hj Then a detection voltage U corresponding to the concentration 

of the reducing gas components can be picked off via 

electrochemical measuring cell 12. 

25 In principle, an arrangement of two measuring electrodes 14, 
16 may be in the opposite order from that shown here, but in 
the case of the arrangement shown here, additional promoters 
or catalysts that support the establishment of an equilibrium 
may be incorporated into layer 18, In this way it is possible 

30 to vary the composition of equilibrium electrode 16 to a great 
extent, and it is not necessary to use such relatively 
expensive noble metals as platinum or palladium. 

Figure 2 shows a preferred additional embodiment of sensor 10, 
35 In addition to two measuring electrodes 14, 16 described 
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above, sensor 10 has another reference electrode 26. Reference 
electrode 26 is above a reference channel 28 which is filled 
with a reference gas. Heating device 22 is used first for 
heating sensor 10 and also for heating the reference gas. 
5 Between reference electrode 26 and equilibrium electrode 16 
there is a layer 30 composed of a solid electrolyte that is 
conductive for oxygen ions. 

Such a sensor 10 has a first electrochemical measuring cell 
10 32, which includes mixed potential electrode 14 and reference 
electrode 26, and a second electrochemical measuring cell 34, 
which includes equilibrium electrode 16 and reference 
electrode 26. 

Q115 with the help of this very simple arrangement with only three 
i'l; electrodes, the oxygen concentration and the concentration of 

C3 the reducing gas components can be measured simultaneously as 

'y^ a function of the operating mode of the internal combustion 

□ engine. In this way, a lambda value can be determined very 

r^"20 rapidly and with high precision. 

rr Thus, for example, at a lambda value > 1, the potential of 

mixed potential electrode 14 depends essentially on the 
concentration of the reducing gas components, as mentioned 

25 above, and thus it can be picked off as a detection voltage Ui 
via electrochemical measuring cell 32. In the same operating 
mode, a potential difference between equilibrium electrode 16 
and reference electrode 26 can also be detected if the 
reference gas has a sufficiently different oxygen 

30 concentration. The potential difference then leads to a 

detection voltage U2 which can be picked off at electrochemical 
measuring cell 34 and is a direct measure of the oxygen 
concentration . 

35 In addition to the arrangement shown here, where measuring 
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electrodes 14^ 16 are arranged in successive layers of sensor 
10^ an arrangement in one and the same layer is also 
conceivable. In this way, sensor 10 is also simpler to 
manufacture, i.e., fewer steps are involved. 
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Patent Claims 



1. A sensor for determining a concentration of gas components 
in gas mixtures having a first measuring electrode (mixed 
potential electrode) which has little or no catalytic effect 
on the establishment of an equilibrium in the gas mixture and 
a second measuring electrode (equilibrium electrode) which 
catalyzes the establishment of an equilibrium in the gas 
mixture as well as a solid electrolyte that is conductive for 
oxygen ions arranged between the two measuring electrodes^ 
with the two measuring electrodes being exposed to the gas 
mixture, 

characterized in that at least the first measuring electrode 
(14) is a cermet electrode, where at least one metal oxide 
component of the cermet electrode is capable of reversible 
incorporation of oxygen. 

2. The sensor according to Claim 1, 

characterized in that the mixed potential electrode (14) is 
made largely of mixed oxides with the composition TiNiNbO^ or 
FeNiMn04. 

3. The sensor according to Claim 1, 

characterized in that the metal oxide component is CeOs and/or 
Mn203, 

4. The sensor according to one of Claims 1 through 3, 
characterized in that gold and/or silver is added to the mixed 
potential electrode (14). 

5. The sensor according to one of Claims 1 through 4, 
characterized in that the solid electrolyte that is conductive 
for oxygen ions is integrated into a layer (18) of the sensor 
(10), and this layer (18) is porous. 
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6. The sensor according to Claim 5, 

characterized in that the layer (18) contains promoters and/or 
catalysts at least in some areas. 

7. The sensor according to one of Claims 1 through 5^ 
characterized in that a reference electrode (26) which is 
exposed to a reference gas is provided for the sensor (10), 
and at least one layer (18, 30) made of an oxygen conducting 
solid electrolyte is provided between the reference electrode 
(26) and the measuring electrodes (14, 16) . 

8. The sensor according to Claim 1, 

characterized in that one of the measuring electrodes (14, 16) 
is arranged on a side of the sensor (10) facing the gas 
mixture, and the other measuring electrode (14, 16) is between 
the reference electrode (26) and the measuring electrode (14, 
16) facing the gas mixture, with the porous layer (18) 
extending between the two measuring electrodes (14, 16). 

9. The sensor according to Claim 8, 

characterized in that the measuring electrode (14, 16) facing 
the gas mixture is the mixed potential electrode (14) . 
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Abstract 

A sensor is described for determining a concentration of gas 
components in gas mixtures having a first measuring electrode 
(mixed potential electrode) which has little or no catalytic 
effect on the establishment of an equilibrium in the gas 
mixture and a second measuring electrode (equilibrium 
electrode) which catalyzes the establishment of an equilibrium 
in the gas mixture as well as a solid electrolyte that is 
conductive for oxygen ions arranged between the two measuring 
electrodes, with the two measuring electrodes being exposed to 
the gas mixture. 

At least the first measuring electrode (16) is a cermet 
electrode, where at least one metal oxide component of the 
cermet electrode is capable of reversible incorporation of 
oxygen. 

(Figure 1) 
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SENSOR FOR DETERMINING A CONCENTRATION OF 
GAS COMPONENTS IN GAS MIXTURES 

Background Information 

Sensors for determining the concentration of gas components in 
gas mixtures^ in particular in gases from internal combustion 
engines, are known • Such sensors are used to preset a fuel/air 
5 mixture for operation of the internal coitibustion engine on the 
basis of a determination of the oxygen concentration and/or 
the concentration of reducing gas components such as HC or CO. 
A specific operating state can be characterized by using the 
ratio of the oxygen concentration to the fuel concentration. 

1^0 If there is a stoichiometric excess of fuel (rich range) , the 
amount of oxygen in the exhaust gas will be small in 

"1: comparison with other components, which are partially 

Q uncombusted. In the lean range, where oxygen from air is 

predominant in the fuel/air mixture, the oxygen concentration 

□15 in the exhaust gas is accordingly high. 

■■.3 To determine the oxygen concentration in the exhaust gas^. 

there are known lambda sensors which detect a lambda value > 1 
in a lean range, a lambda value < 1 in the rich range and a 

20 lambda value = 1 in a stoichiometric range. In a known manner, 
an electrochemical measuring cell of the sensor supplies a 
detection voltage which is sent to a circuit arrangement. The 
detection voltage depends on an oxygen concentration 
difference at the at least two measuring electrodes used. A 

25 solid electrolyte body which is conductive for oxygen ions is 
arranged between the measuring electrodes. The detection 
voltage increases or decreases according to the oxygen 
concentration in the exhaust gas. 

30 In addition, there are known sensors which are used to 

determine the concentration of the reducing gas components. 
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These sensors are often component specific, i.e., there is a 
separate sensor for each gas component (Hs, HC and CO) to be 
detected. 

Both types of sensor supply either a value for the oxygen 
concentration or the concentration of the reducing gas 
components. Thus, they supply values which give only an 
indirect indication of the status of the lambda value. Thus, a 
sensor for determining oxygen concentrations can supply a 
certain absolute oxygen concentration from which it is 
possible to infer the composition of the fuel/air mixture. 

A more precise setting of a control status of an internal 
combustion engine can be achieved by determining the lambda 
value directly. It is advantageous here to have a compact 
sensor capable of handling both sensor functions instead of 
two separate sensors, one for each gas component. Previous 
attempts to accommodate multiple sensor functions on one 
substrate have resulted in a complicated layout or a 
complicated layer structure which has a greater susceptibility 
to faults and entails high manufacturing costs. 

The reducing gas components in the exhaust gas of internal 
combustion engines are in a thermodynamic equilibrium with the 
oxygen. The further away the sensors are arranged from the 
engine in an exhaust duct of the internal combustion engine, 
the lower the temperature of the exhaust gas, and thus it is 
difficult to establish a thermodynamic equilibrium from a 
kinetic standpoint. It is known that the equilibrium reaction 
can be catalyzed with transition metals. In particular, 
catalysts containing platinum, palladium or rhodium have 
proven suitable. In using these metals as the electrode 
material for the measuring electrodes of sensors, it has 
proven especially advantageous to have such a catalytic 
activity on a measuring electrode which is exposed to the 
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exhaust gas. In this way, the oxygen concentration at this 
measuring electrode can be kept very low, thus yielding a very 
high potential difference with respect to another electrode 
exposed to a reference gas. However, such a measuring 
5 electrode which catalyzes the establishment of an equilibrium 
in the gas mixture (equilibrium electrode) does not permit 
detection of the concentration of the reducing gas components. 

Therefore, it is known that materials which inhibit a 
10 catalytic effect of the measuring electrode can be added to 
the measuring electrode exposed to the gas mixture. Thus, 
German Patent No. 44 08 361 describes a measuring electrode in 
which adsorption of oxygen on a surface of the measuring 
electrode has been made possible by the addition of bismuth, 
.t15 platinum, antimony or lead. Thus, the oxygen concentration, 
tfl which determines the potential of the measuring electrode, at 

'^i a ternary boundary of the measuring electrode is kept almost 

Id constant in operation of the internal combustion engine at 

'1^ lambda > 1. The measuring electrode designed in this way 

Lf|20 reacts essentially to oxygen and is thus a non-equilibrium 
% electrode or a mixed potential electrode. Such a measuring 

C3 electrode can thus be used as a reference electrode at lambda 

> 1. 

25 In addition, it is known from German Patent No. 44 08 504 that 
such a mixed potential electrode can be designed by admixture 
of gold and/or silver. Due to the admixture of gold and/or 
silver, the catalytic conversion is inhibited by oxidation of 
CO and/or HC and reduction of NO^. The high affinity of these 

30 metals for the reducing gas components is utilized at the 
measuring electrode. The oxygen concentration and thus the 
potential of the mixed potential electrode can be kept almost 
constant due to adsorption of the reducing gas components at 
the surface of the mixed potential electrode in operation of 

35 the internal combustion engine at lambda < 1. In this way, 
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such a measuring electrode can be used as a reference 
electrode at lambda < 1. One disadvantage of these two 
described embodiments of mixed potential electrodes is that 
they permit only constant potentials for two extreme positions 
of the lambda value and thus omit the range at lambda values 
« 1, which is especially interesting for control of the 
control status of the internal combustion engine. In addition, 
it is impossible in this way to determine the oxygen 
concentration on the one hand or the concentration of reducing 
gas components on the other hand by using one and the same 
measuring electrode. 

Summary Of The Invention 

It is possible to determine either the oxygen concentration or 
the concentration of a reducing gas component with an 
arrangement of just two measuring electrodes by using the 
sensor according to the present invention for determining a 
concentration of gas components in gas mixtures having a first 
measuring electrode (mixed potential electrode) which has 
little or no catalytic effect on the establishment of an 
equilibrium in the gas mixture and a second measuring 
electrode (equilibrium electrode) which catalyzes the 
establishment of an equilibrium in the gas mixture as well as 
a solid electrolyte that is conductive for oxygen ions 
arranged between the two measuring electrodes, with the two 
measuring electrodes being exposed to the gas mixture. Due to 
the fact that at least the first measuring electrode is a 
cermet electrode, where at least one metal oxide component of 
the cermet electrode is capable of reversible incorporation of 
oxygen, the potential of this first measuring electrode is 
kept almost constant in the range around lambda ^ 1. Thus, the 
first measuring electrode is the reference electrode in this 
operating state of the internal combustion engine, while the 
second measuring electrode functions as the working electrode. 
If the operating state of the internal combustion engine 
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changes to a range with lambda > 1, then the potential of the 
second measuring electrode is almost constant^ while the 
potential of the first measuring electrode is variable and is 
determined essentially by the concentration of the reducing 
5 gas components » Thus in this case the second measuring 

electrode is the reference electrode and the first measuring 
electrode is the working electrode. 

Suitable metal oxide components for the first measuring 
10 electrode include, for example, the mixed oxides such as 

TiNiNbOj, or FeNiMn04. Furthermore, a noble metal such as gold 
may also be incorporated into the first measuring electrode. 
It is thus possible to adapt the potential of the first 
measuring electrode very accurately to the requirements of a 

'His given application. 

W 
tn 

In a preferred embodiment of the present invention, a 
l7; reference electrode additionally exposed to a reference gas is 

^? _ pr-ovided for the two measuring electrodes exposed to the gas 

ijpO mixture. The measuring electrodes may be arranged side by 
^^■'3 side, i.e., both in the same layer of a multilayer sensor. 

However, it is also conceivable for the two measuring 
electrodes to be arranged one after the other in different 
layers, starting from an outer side of the sensor in the 
25 direction of the reference electrode. One layer between the 
two measuring electrodes must be sufficiently porous so that 
it allows a sufficiently rapid establishment of an equilibrium 
in the constantly changing concentrations of the individual 
exhaust gas components. One measuring electrode corresponds to 
30 the mixed potential electrode based on oxygen-storing metal 

oxide components and the other measuring electrode is designed 
as an equilibrium electrode. 

It has proven advantageous to arrange the mixed potential 
35 electrode closer to the exhaust gas because it has an 
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especially stable and constant potential in rapid gas changes 
at lambda values around 1. In addition to an equilibrium 
electrode which naturally has a catalytic activity, it is also 
conceivable to incorporate additional catalysts or promoters 
5 into the porous intermediate layer, although of course not in 
the immediate vicinity of the mixed potential electrode. In 
this way, it is possible to have a controlled influence on the 
establishment of an equilibrium in the mixture, thus yielding 
the possibility of using other metal components that are not 
10 catalytically active for the equilibrium electrode. 

With the help of this preferred arrangement with a total of 
only three electrodes, the oxygen concentration and the 
"■f concentration of the reducing gas components can be determined 

"'Jl5 simultaneously in certain operating states and thus the status 
I'fi of the lambda value can be determined directly. This permits a 

^^f much more rapid and accurate establishment of the control 

III. status of the internal combustion engine. In addition, such a 

'J„ sensor can be implemented in an especially simple and 

!^r|20 inexpensive manner. 

ri 

Q . Brief Description Of The Drawings 

Figure 1 shows a schematic sectional view through a sensor - 

25 Figure 2 shows a schematic sectional view through another 
embodiment of a sensor. 

Detailed Description 

Figure 1 shows a sensor 10 which can be used for determination 
30 of the concentration of gas components in gas mixtures, in 

particular the exhaust gases of internal combustion engines. 
Such a sensor 10 is preferably composed of individual ceramic 
layers which may be structured in a known way by screen 
printing, lamination, cutting, sintering or the like. Sensor 
35 10 contains an electrochemical measuring cell 12 having a 
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first measuring electrode 14 and a second measuring electrode 
16, with a porous oxygen ion conducting layer 18 extending 
between two measuring electrodes 14, 16. A heating element 22 
is arranged beneath second measuring electrode 16 in a layer 
20 which at least conducts heat well. Heating element 22 
includes a resistance element 24, designed as a meandering 
element here, and it functions to establish or control an 
operating temperature of sensor 10. Second measuring electrode 
16 is composed of a noble metal cermet, e.g., based on a noble 
metal such as platinum. This second measuring electrode 16 is 
referred to below as equilibrium electrode 16 because of the 
catalytic activity of these noble metals with regard to the 
equilibrium reaction between oxygen and reducing gas 
components of the exhaust gas as explained below. As also to 
be explained below, first measuring electrode 14 has little or 
no catalytic activity in certain operating states of the 
internal combustion engine, which can be characterized by a 
lambda value, and it is referred to below as mixed potential 
electrode 14 . 

During combustion of a fuel/air mixture in the internal 
combustion engine, reducing gas components which can react 
with the oxygen and are thus in a thermodynamic equilibrium 
with it are formed in variable amounts. In addition to a 
temperature-dependent equilibrium status of this reaction, the 
kinetics of the reaction is especially important for 
establishing the equilibrium. It may essentially be assumed 
that the temperature of the exhaust gas drops with an increase 
in the distance of sensor 10 from the engine, and thus it 
becomes more difficult for a thermodynamic equilibrium to be 
established from a kinetic standpoint- Due to the noble metals 
such as platinum, palladium and rhodium used in equilibrium 
electrode 16, establishment of this equilibrium is catalyzed. 
Thus, the potential of equilibrium electrode 16 is determined 
essentially by the oxygen concentration. 
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The potential of mixed potential electrode 14, however, does 
not depend on the oxygen concentration, at least in some 
ranges, but instead it is a function of the concentration of 
reducing gas components. It is thus possible to influence the 
potential of mixed potential electrode 14 in a controlled 
manner by selecting at least one metal oxide component capable 
of reversible incorporation of oxygen. Such a mixed potential 
electrode 14 may be made mostly of TiNiNbO^ or FeNiMn04. It is 
also conceivable to use metal oxides such as MnsOs and CeOs- In 
addition, the cermet electrode may also contain as an added 
metal component a noble metal such as gold or silver. In this 
way, the potential of mixed potential electrode 14 can be 
adapted individually to the requirements of given 
applications . 

In an operating mode of internal combustion engine where X ^ 
1, the oxygen concentration directly at a surface of mixed 
potential electrode 14 is kept almost constant due to the 
added metal oxide components. A capacity for incorporation and 
disincorporation of oxygen in a mixed potential electrode 14 
determines a lambda range in which the potential of mixed 
potential electrode 14 is almost constant. However, the 
potential on equilibrium electrode 16 in such an operating 
mode of the internal combustion engine is exposed to great 
variations, because there are great variations in oxygen 
concentration precisely in such a lambda range. Thus at A ^ 1, 
mixed potential electrode 14 can be used as a reference 
electrode, while equilibrium electrode 16 can be used as a 
working electrode 16, Then a detection voltage U which is a 
direct measure of the oxygen concentration of the gas mixture 
can be picked off via electrochemical measuring cell 12. 

When the operating mode of the internal combustion engine 
changes to a range of A > 1, then the potential of mixed 
potential electrode 14 changes greatly with a change in the 
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concentration of the reducing gas components. However, the 
potential of equilibrium electrode 16 is almost constant at 
high oxygen concentrations. Thus in this case, equilibrium 
electrode 16 functions as the reference electrode and mixed 
potential electrode 14 functions as the working electrode. 
Then a detection voltage U corresponding to the concentration 
of the reducing gas components can be picked off via 
electrochemical measuring cell 12. 

In principle, an arrangement of two measuring electrodes 14, 
16 may be in the opposite order from that shown here, but in 
the case of the arrangement shown here, additional promoters 
or catalysts that support the establishment of an equilibrium 
may be incorporated into layer 18. In this way it is possible 
to vary the composition of equilibrium electrode 16 to a great 
extent, and it is not necessary to use such relatively 
expensive noble metals as platinum or palladium. 

Figure 2 shows a preferred additional embodiment of sensor 10. 
In addition to two measuring electrodes 14, 16 described 
above, sensor 10 has another reference electrode 26. Reference 
electrode 2 6 is above a reference channel 28 which is filled 
with a reference gas. Heating device 22 is used first for 
heating sensor 10 and also for heating the reference gas. 
Between reference electrode 26 and equilibrium electrode 16 
there is a layer 30 composed of a solid electrolyte that is 
conductive for oxygen ions. 

Such a sensor 10 has a first electrochemical measuring cell 
32, which includes mixed potential electrode 14 and reference 
electrode 26, and a second electrochemical measuring cell 34, 
which includes equilibrium electrode 16 and reference 
electrode 26. 

With the help of this very simple arrangement with only three 
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electrodes, the oxygen concentration and the concentration of 
the reducing gas components can be measured simultaneously as 
a function of the operating mode of the internal combustion 
engine. In this way, a lambda value can be determined very 
rapidly and with high precision. 

Thus, for example, at a lambda value > 1, the potential of 
mixed potential electrode 14 depends essentially on the 
concentration of the reducing gas components, as mentioned 
above, and thus it can be picked off as a detection voltage 
via electrochemical measuring cell 32. In the same operating 
mode, a potential difference between equilibrium electrode 16 
and reference electrode 26 can also be detected if the 
reference gas has a sufficiently different oxygen 
concentration. The potential difference then leads to a 
detection voltage U2 which can be picked off at electrochemical 
measuring cell 34 and is a direct measure of the oxygen 
concentration. 

In addition to the arrangement shown here, where measuring 
electrodes 14, 16 are arranged in successive layers of sensor 
10, an arrangement in one and the same layer is also 
conceivable. In this way, sensor 10 is also simpler to 
manufacture, i.e., fewer steps are involved. 
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Abstract Of The^ Disclosure 



A sensor for determining a concentration of gas components in 
gas mixtures having a first measuring electrode (mixed 
5 potential electrode) which has little or no catalytic effect 
on the establishment of an equilibrium in the gas mixture and 
a second measuring electrode (equilibrium electrode) which 
catalyzes the establishment of an equilibrium in the gas 
mixture as well as a solid electrolyte that is conductive for 

10 oxygen ions arranged between the two measuring electrodes, 
with the two measuring electrodes being exposed to the gas 
mixture. At least the first measuring electrode (16) is a 
cermet electrode, where at least one metal oxide component of 

i the cermet electrode is capable of reversible incorporation of 

J15 oxygen. 
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